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(54) POLARIZATION-INDEPENDENT OPTICAL ISOLATOR 



(57) The present invention relates to an optical iso- 
lator for interrupting reflection-returned light from going 
back in an optical system in the case of optical fiber 
communication, inputting and outputting of optical 
discs, etc. using semiconductor laser. It is an object of 
the present invention in connection with the polariza- 
tion-independent optical isolator to make unnecessary 
a complicated and difficult step for optically connecting 
the lenses and the optical fibers so as to collimate the 
light emitted from the light-incident side optical fiber, 
enhance the efficiency in coupling the light with the 
light-emitting side optical fiber again and prevent the 
return light from being coupled with the light-incident 
side optical fiber again. A polarization-indepedent opti- 
cal isolator according to the present invention com- 
prises a light-incident side optical fiber having a : 
diameter ;qf a, core expanded to give a mode field diam- 
eter at an end face being 20 to 50 jim, a light-emitting 
side optical fiber having a diameter of a core expanded 
to give a mode field diameter at an end face being 20 to 
50 }im, and an optical isolator element provided 
between the light-incident side optical fiber and the 
light-emitting side optical fiber, said optical isolator ele- 
ment comprising a first polarization beam splitter 
located at a side of the light-incident side optical fiber, a 
second polarization beam splitter located at a side of 
the light-emitting side optical fiber, and a Farady rotator 
provided between the first polarization beam splitter and 
the second polarization beam splitter, and at least said 



first polarization beam splitter being a wedge type polar- 
ization beam splitter. 



FIGJa 




FIGJb 
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Description 
[001] 

(Field of the Invention) 

The present invention relates to an optical isolator 
for interrupting reflection-returned light from going back 
in an optical system in the case of optical ftoer commu- 
nication, inputting and outputting of optical discs, etc. 
using semiconductor laser. 

[002] 

(Background art) 

Polarization-independent optical isolators employ- 
ing the semiconductor layer are often used for interrupt- 
ing reflection-returned light in optical systems such as 
optical ftoer communication systems and optical disc 
input/output devices. In particular, it is required that the 
polarization-independent optical isolator is attached to a 
optical fiber amplifier so as to prevent fluctuations in its 
outputs. The polarization-independent optical isolator 
using a polarization beam splitter functions in such a 
way that optical paths for respective polarized compo- 
nents having their polarized directions orthogonal to 
each other are separated or coupled (JP^B 60-49297, 
JP-B 61-58808, etc.). 

[003] 

Fig. 5 is a schematic view for showing a polariza- 
tion-independent optical isolator using wedge type 
polarization beam splitters as proposed in JP-B 61- 
58809. A first lens 27A is opposed to an end face of a 
light-incident side optical fiber 26A, whereas a second 
lens 27B opposed to an end face of a light-emitting side 
optical fiber 26B; Arranged between the first lens 27A 
and the second lens 27B are a first wedge type polari- 
zation beam splitter 28, a Farady rotator 29 and a sec- 
ond wedge type polarization beam splitter 30 in this 
order. 

[004] 

Two polarized components being orthogonal to 
each other are emitted from the light-incident side opti- 
cal fiber 26A, and pass the first lens 27Ar As the polar- 
ized components pass the first wedge type polarization 
beam splitter 28, they undergo different refraction 
depending upon their polarizations, so that they are 
separated into two beams 31 A and 31 B. The polariza- 
tion planes of the separated polarized components 31 A 
and 31 B are turned by the Farady rotator 29. and the 
polarized components are converted into parallel 
beams through their angular changes by means of the 
second wedge type polarization beam splitter 30. At this 
time, the polarized components emitted fromTKSVe*?" 



ond wedge type polarization beam splitter 30 have the 
same orientation, but they are positional^ deviated. 
This parallel light is focused into the light-emitting side 
optical f iber 26B by the second lens 27B. 

5 

[005] 

On the other hand, a return light propagating in a 
backward direction is shown by dotted lines. Polarized 
10 components constituting the return light and being 
orthogonal to each other are binarily divided by tie sec- 
ond wedge type polarization beam splitter 30, and the 
polarization plane of each of the polarized components 
separated is turned by the Farady rotator 29 in the same 
75 direction as the forward direction. As a result the polar- 
ization direction in which the polarized component 
passes the first wedge type polarization beam splitter 
28 differs from that in the case of the forward propaga- 
tion by 90°. Consequently, the polarization components 
20 are deviated positional^ and angularly from each other, 
different form the light beams in the forward propaga- 
tion. After the polarized components pass the first lens 
27A, they become the parallel beams, but their optical 
axes are positionally deviated from that of the optical 
25 ftoer 26A, so that the parallel beams are not coupled 
with the light-incident side optical fiber. 

[006] 

3b Fig. 6 is a schematic view for showing a polariza- 
tion-independent optical isolator using parallel-faced flat 
plate type polarization beam splitter as proposed in JP- 
B 60-49297. A first lens 27A is opposed to an end face 
of a light-incident side optical ftoer 26A, whereas a sec- 
35 ond lens 27B opposed to an end face of a light-emitting 
side optical fiber 26B. Arranged between the lens 27A 
and the lens 27B are a first parallel-faced flat plate type 
polarization beam splitter 32, a Farady rotator 33, and 
second and third parallel-faced flat plate type polariza- 
40 tion beam splitters 29, 34 in this order. 

[007] 

Two polarized components being orthogonal to 
45 each other are emitted from the light-incident side opti- 
cal ftoer 26A in a forward direction, and pass the first 
lens 27A. As the polarized components pass the first 
parallel-faced flat plate type polarization beam splitter 
32, they are separated into two beams. The polarization 
so plane of each polarized component is turned by the 
Farady rotator 33. Then, two orthogonal polarized com- 
ponents are positionally shifted by the second and third 
parallel-face flat plane type polarization beam splitters 
29, 34 so that the components may be coupled with 
55 each other again. Then, the components are focused by 
the second lens 27B, and led to the light-emitting side 
optical ftoer 26B. On the other hand, the polarized 
orthogonal components returning in a backward direc- 
tion are binarily divided by the parallel-faced flat plate 
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type polarization beam splitters 34, 29 in the same man- 
ner as mentioned above, and each of the components 
has the same polarization plane as in case of the for- 
ward propagation, and the polarized components are 
led into the Farady rotator 33. The polarization plane of 
each polarized component is turned in the same direc- 
tion as in the case of the forward propagation. As a 
result, the polarization direction in which the polarized 
component passes the first parallel-faced flat plate type 
polarization beam splitter 32 differs from that in the case 
of the forward propagation by 90°. Consequently, the 
polarization components are angularly the same but 
deviated posttionally with respect to the light in the for- 
ward propagation. After the polarized components pass 
the f irst lens 27A, they become beams having a large 
angle, so that they are not coupled with the light-inci- 
dent side optical fiber. 

[008] 

(Disclosure of the Invention) 

However, the conventional polarization-independ- 
ent optical isolators mentioned above have the following 
problems. 

(1) In oider to couple the polarization-independent 
optical isolator element as shown in Fig. 5 or 6 with 
the light-incident side optical fiber, it is necessary to 
collimate the light beams emitted from the light-inci- 
dent side optical fiber. In order to enhance a back- 
ward-direction loss, it is indispensable that the 
position and the angle of the light are changed by 
the lens to prevent the axially deviated light propa- 
gating in the backward direction with the light-inci- 
dent side optical fiber again. Further, with respect to 
the light-emitting side, it is necessary that the paral- 
lel light beams are effectively coupled again by the 
lens to reduce the loss. For these reasons, a pair of 
the lenses need provided between the light-incident 
optical fiber and the optical isolator and between 
the light-emitting side optical fiber and the optical 
isolator. 

[009] 

However, in order to align the optical system includ- 
ing such lenses, three-dimensional alignment including 
alignment of their focal points need be carried out one 
by -one In addition, such alignments require an 
extremely high precision and a long working time period 
as well as skill. In order to even slightly mitigate the 
above problems, an example of a focusing system with 
only one lens is proposed, but it is still necessary and 
indispensable to effect alignments at high precision in 
that the lens is coupled with the optical ffoer. 



[010] 

In Fig. 5, since the first wedge type polarization 
beam splitter 28 to be used for separating the two polar- 

5 ized components once in the case of the forward propa- 
gation has birefringence property, an emitting direction 
of an ordinary rays differs from that of extraordinary 
rays. The emitting direction of the ordinary rays and that 
of the extraordinary rays are made equal by the second 

io wedge type polarization beam splitter 30. However, 
since the location to which the ordinary rays are emitted 
to to the second wedge type polarization beam splitter 
30 differs from that to which the extraordinary rays are 
emitted to this splitter, it is difficult to completely couple 

75 these polarized components, although the directions of 
the polarized components emitted are the same. 

[011] 

20 From the above reasons (1) and (2), unless the 
optical system is aligned at high precision and the light 
beams are coupled again, the input loss of the optical 
isolator is large and the polarization dependency 
occurs. In particular, unless the optical axes of the 

25 polarized components are aligned with each other at 
higher precision as the spot diameter of the light 
becomes smaller, the input loss becomes greater. How- 
ever, generally speaking, it is extremely difficult to effect 
the optical axis alignment in which the two polarized 

30 components separated are coupled again, and aligned 
with a core of the optical f foer, and the tosses of the two 
polarized components become different from each 
other. Therefore, it was not easy to reduce the polariza- 
tion dependency with respect to the conventional polar- 

35 ization-independerrt optical isolators. 

[012] 

Under the circumstances, a method for lessen the 
40 positional deviation between the two polarized compo- 
nents as large as possible is disclosed in JP-A 5- 
224153. However, a special optical system (e.g. using a 
special and expensive prism) including an optical sys- 
tem composed of a light-incident side optical ffoer and 
45 lens as well as a lens in a light-emitting optical system 
having an optical axis at a different location needs be 
added. Further, in order to obtain a high backward- 
direction loss, it was still necessary to rely upon chang- 
ing of the location and the angle of the polarized compo- 
se nenlswrth the lenses. 

[013] 

(3) In the case of the polarization-independent opti- 
55 cal isolator using the parallel-faced flat plate type 
polarization beam splitter 32 as shown in Fig. 6, in 
order to realize a high backward-direction loss, the 
return light must not be coupled with the light-inci- 
dent side optical fiber 26A by sufficiently spacing 
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the location of the beams emitted in the backward 
direction from the light-incident location in the case 
of the forward propagating. For this purpose, it is 
necessary to increase the separation width of the 
parallel-faced flat plate type polarization beam split- 
ter 32. As specific methods therefor, it is proposed 
that a sufficient length of the parallel-faced flat plate 
type polarization beam splitter 32 as viewed in the 
fiber-axis direction is ensured (JP-B 60-49297) and 
that the separation width is set at not less than 0.66 
times as large as that of a fiber-propagated light 
MFD by using a lens (JP-A 7^43640). 



[014] 

(4) From the standpoint of convenience in assem- 
bling, light is preferably vertically introduced into the 
isolator element. However, the light is not only likely 
to be reflected at an interface, but also the optical 
axis of the light-incident side optical fiber is not the 
same as that of the light-emitting side optical fiber. 
Therefore, when a fber-embedded type isolator is 
to be produced, the optical axis of each optical fber 
is preliminarily deviated by a deviated amount 
between the above optical axes. 

[0151 

For the above reasons, if a polarization-independ- 
ent optical isolator is to be produced provided that the 
isolator satisfies characteristics (generally, the input 
loss £ 1 dB, the backward-direction loss .'s 40 dB) 
required by users, there was problems that the number 
of parts increased, the number of assembling steps 
largely increased, and the isolator became bulky and 
costy. 

[016] 

It is an object of the present invention in connection 
with the polarization-independent optical isolator to 
make unnecessary a complicated arid difficult step for 
optically connecting the lenses and the optical fibers so 
as to coilimate the light emitted from the light-incident 
side optical fiber, enhance the efficiency in coupling the 
light with the light-emitting side optical fber again and 
prevent the return light from being coupled with the 
light-incident side optical fiber again. 

[017]' ■"" ' ' " V ^'"' V! ' '* 

Further, it is another object of the present invention 
to decrease the loss in the re-coupling between the ordi- 
nary rays and the extraordinary rays separated by the 
polarization beam splitter in the case of the forward 
propagation and to make unnecessary an optically cou- 
pling step required for effect the above re-coupling in 
the forward propagation. Further, it is a further object of 
the preserit'lnyeWon'tb make the optical isolator com- 



pact. It is a still further object of the present invention to 
prevent deviation in the optical axis between the light- 
incident side optical fiber and the light-emitting side opti- 
cal fiber. 

5 

[018] 

Further, rt is an additional object of the present 
invention to provide a polarization-independent optical 
10 isolator suitable for mass production by decreasing the 
number of parts and the number of assembling steps 
and making the separator compact, provided that the 
input loss is not more than 1 dB and the backward- 
direction loss is not less than 40 dB. 

is 

[019] 

The polarization-indepedent optical isolator accord- 
ing to the present invention comprises a light-incident 
20 side optical fiber having a diameter of a core expanded 
to give a mode field diameter at an end face being 20 to 
50 jim, a light-emitting side optical fiber having a diam- 
eter of a core expanded to give a mode field diameter at 
an end face being 20 to 50 jun, and an optical isolator 
25 element provided between the light-incident side optical 
fber and the light-emitting side optical fiber, said optical 
isolator element comprising a first polarization beam 
splitter located at a side of the light-incident side optical 
fber, a second polarization beam splitter located at a 
30 side of the light-emitting side optical fiber, and a Farady 
rotator provided between the first polarization beam 
splitter and the second polarization beam splitter, and at 
least said first polarization beam splitter being a wedge 
type polarization beam sp&tter. 

35 

[020] 

The present inventors have succeeded in the pro- 
duction of the novel polarization-independent optical 
40 isolator which utilizes to the maximum the features as 
characteristics of the core-expanded optical fiber that 
tolerance in assembling in terms of the position and the 
direction is mitigated by a reduced numerical aperture 
and that the input loss is reduced by mitigating the dif- 
45 fracting effect. That is, the core-expanded optical fiber is 
characterized in that it has a smaller numerical aperture 
and high latitude in terms of the position and the direc- 
tion, whereas the core-expanded optica! fiber has an 
extremely narrow allowable range with respect to the 
so iangular deviation and less suffers input' loss due to the 
diffracting effect in the case of the lens. 

[021] 

55 The present inventors have succeeded in providing 
the small size polarization-independent optical isolator, 
which can be more easily assembled as compared with 
the conventional optical isolators and at the same time 
has a high backward-direction loss and aMowHnpuWoss, 
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by using the core-expanded optical ffoers having the 
above characteristics as the light-incident side and light- 
emitting side optical fibers and using the wedge type 
polarization beam splitter in the optical isolator element 
without using even one lens between the light-incident 5 
and light-emitting optical fibers. 

[022] 



As mentioned above, according to the present 
invention, since the no lens is used contrary to the con- 
ventional optical isolators, the number of the parts can 
be decreased, and the cost can be reduced by eliminat- 
ing the aligning step. 

[023] 



10 



[025] 

(Best mode for carrying out the invention) 

In a preferred embodiment, in order to correct the 
deviation in the optical axis between the ordinary rays 
and the extraordinary rays caused by the first polariza- 
tion beam splitter, the second polarization beam splitter 
and the Farady rotator during the forward propagation, 
an optical axis deviation-correcting element made of a 
parallel-faced flat plate type polarization beam splitter is 
preferably provided. By doing so, the light-coupling effi- 
ciency in the forward direction is further enhanced. 



15 [026] 



In the above, as the core-expanded optical fber, an 
optical fiber described in K. Shiraishi, Y. Aizawa, and S. 
Kawakami, "Beam expanding fber using thermal drffu- 20 
sion of the dopant", IEEE J. Lightwave Technology, 8, 
1151(1990)" may be preferably used. Further, as the 
polarization beam splitter, a biref ringent crystal such as 
rutile and calcrte and an artificial biref ringent material 
made of a dielectric multi-layer film may be preferably 25 
used. As the Farady rotator, a material having a large 
Verdet constant, such as magnetic garnet, may be pref- 
erably used. 



[024] 30 

(Brief Description of the drawings) 

Fig. 1 (a) is a schematic view for illustrating a polar- . 
ization-independent optical isolator as an embodi- 
ment of the present invention (a forward 
propagation being shown), Fig. 1(b) being a sche- 
matic view for showing a state in which light is prop- 
agated in the isolator of Fig. 1(a) in a backward 
direction; 

Fig. 2 is a schematic view for showing a polariza- 
tion-independent optical isolator as another embod- 
iment according to the present invention; 
Fig. 3 is a schematic view for showing a polariza- 
tion-independent optical isolator as a further 
embodiment according to the present invention; 
Fig. 4 is a schematic view for showing a polariza- 
tion-independent optical isolator as a still further 
; embodiment according to the present invention; 
Rg. 5 is a schematic wew for showing the polariza- 
tion-independent optical isolator as a conventional 
example; and 

Fig. 6 is a schematic view for showing the optical 
isolator as another conventional example. 



In another preferred embodiment, not only the first 
polarization beam splitter but also the second polariza- 
tion beam splitter are wedge type polarization beam 
splitters, and the f irst polarization beam splitter arid the 
second polarization beam splitter are opposed to each 
other and turned by a half turn around axes of the opti- 
cal fibers as a center. That is, the first and second polar- 
ization beam splitters are arranged symmetrically as a 
point with respect to the Farady rotator. Since the devi- 
ation in the optical axis between the fight-incident side 
optical fiber and the light-emitting side optical fber is 
removed in this way by using a pair of the wedge type 
polarization beam splitters, the optical axes are more 
sily aligned. 



[027] 

Further, the present invention will be explained in 
35 more detail with reference to the drawings. 

Fig. 1 (a) is a schematic view (in the forward propa- 
gation) for showing the polarization-independent optical 
isolator according to an embodiment of the present 
invention, and Fig. 1(b) a schematic view for showing an 
40 advancing way of the light when the light is propagated 
in the isolator of Fig. 1 (a) in the backward direction. An 
input side end face of the light-incident side optical fiber 
and an output side end face of the light-emitting side 
optical fiber are omitted from the figures. In Fig, 1(a), the 
45 light emitted from an end face 8A of an expanded por- 
tion 2 of a core of a light-incident side optical fiber 1A 
and having a small numerical aperture is led into a par- 
allel-faced flat plate type polarization beam splitter 5 at 
an incident angle a, and divided into two polarized com- 
~sb pbnents 9A arid 9B. The two polarized components 9A 
and 9B enter a f irst wedge type polarization beam split- 
ter 6A. Since this polarization beam splitter is made of a 
birefringent crystal, each polarized component is 
refracted inside this birefringent crystal, depending 
55 upon its refractive index. The polarization planes of the 
two polarized components having undergone different 
angular changes are turned by a Farady rotator 7, 
respectively. 
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[028] 

While ordinary rays and extraordinary rays are not 
exchanged, the polarized components enter a second 
wedge type polarization beam splitter 6B where the s 
polarized components are coupled again with each 
other. Since the optical axis of the re-coupled light is the 
same as that of an light-emitting side optical f iber 1B, 
the light enters an end face 8B of the fiber 1 B. The thick- 
ness, etc. of the parallel-faced flat plate type polariza- 10 
tion beam splitter 5 are preliminarily aligned to offset the 
positional deviation between the two polarized compo- 
nents, which would occur depending upon the incident 
angle a and a pair of the wedge type polarization beam 
splitters 6A and 6B. is 

[029] 

What contributes to a polarized component-dividing 
function of the wedge type polarization beam splitter 6A 20 
is a wedge angle 0, which does not depend upon the 
thickness of the splitter. Therefore, different from the 
parallel-faced flat plate type polarization beam splitter, 
the polarized components can be assuredly divided 
from each other even by shortening the wedge type 25 
polarization beam splitter. Thus, the length of the isola- 
tor element may be small. Although not limited, a wedge 
type polarization beam splitter having a wedge angle e 
of 10° to 40° is use. and particularly a wedge type polar- 
ization beam splitter having a wedge angle 6 of around 30 
20° is preferably used. By so doing, the low diffracting 
characteristic of the core-expanded optical fiber can be 
further utilized so that the input loss of the entire polari- 
zation-independent optical isolator element 4A can be 
reduced. Furthermore, the optical isolator can be con- 35 
spicuously made compact. 

[030] 

Then, the light propagating in the backward direc- 40 
tion will be explained. As shown in Fig. 1(b), the light 
emitted from the end face 8B of the light-emitting side 
optical fiber IB and having a small numerical aperture is 
refracted, by the second wedge type polarization beam 
splitter 6B, depending upon the refractive index. The 45 
polarization planes of two polarized components shifted 
in respectively different directions are turned in the 
same direction as in the case of the incident polarized 
components by the Farady rotator 7. Therefore, while 
the ordinary rays and the extraordinary rays are 50 
exchanged, each polarized component enters the first 
wedge type polarization beam splitter 6A. In the splitter 
6A, each of polarized components undergoes the 
refraction depending upon its refractive index, so that 
the polarized components are not coupled into a single 
beam, in addition, the polarized components are posi- 
tional^ shifted by the parallel-faced flat plane polariza- 
tion beam splitter 5. 



A1 




[031] 

Even if the positional deviation is slight, the propa- 
gating direction of the backward-drection light differs 
from the direction of the optical axis of the optical fiber 
because of the small numerical aperture of the core- 
expanded optical fiber. Therefore, it is difficult to couple 
the light with the optical fiber again, so that the back- 
ward-direction light components 1 0A or 1 0B does not 
enter the light-incident side optical fiber 1 A. Therefore, a 
high backward-direction loss can be easily realized. 

[032] 

With respect to the light-incident side optical fiber 
and the iight-emitting side optical fiber, an incident angle 
a at the end face of the optical ffoer is preferably greater 
than 0° to make the reflection loss smaller. Even if the 
light enters vertically (incident angle 0°), no great influ- 
ence is given upon the input loss and the backward- 
direction loss. Further, the diffraction loss amounts to 
about a half of the input loss, and the diffraction loss 
increases with increase in a gap at each of the end 
faces of a pair of the optical fibers. However, excess 
increase in the length of the gap between the end feces 
of the fbers can be prevented by setting the incident 
angle a at not more than 5°. If the incident angle 
exceeds the above upper limit it may be difficult to align 
the input loss of the polarization-independent optical 
isolator to not more than 1 dB. 

[033] 

When a mode field diameter (MFD) of the core- 
expanded optical fibers constituting the light-incident 
side and light-emitting side optical fbers is set at not 
less than 20 jim, the input loss caused by the diffraction 
with no lens can be reduced, and the backward-direc- 
tion loss can be increased by appropriately setting the 
numerical aperture. Further, increase in the excess loss 
can be prevented by setting the mode field diameter at 
not more than 50 \srt\. If the MFD is less than 20 (im or 
more than 50 jam, it is extremely difficult to ensure that 
the input loss and the backward-direction loss are 
required to be not more than 1 dB and not less than 40 
dB, respectively, as the polarization-independent optical 
isolator. 

The expanded portion of the core of the core- 
expanded optical fiber is preferably sufficiently long. 
That is, the length of the area where the refractive index 
of the core-expanded portion is distributed in a taper 
shape is preferably not less than 2000 times as large as 
the wavelength. In this case, increase in the excess loss 
can be prevented. 

[034] 

The polarization-independent optical isolator of Fig. 
2 uses an optical isolator element 4B in which fiber-axis 
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deviation correcting parallel-faced flat plate type polari- 
zation beam splitter 5 is not inserted. The light emitted 
from an end face 8 A of a light-emitting side optical fiber 
1 A and having a small numerical aperture enters a first 
wedge type polarization beam splitter 6A, and are 5 
divided into two polarized components. The polarization 
pjane of each polarized component is turned by a 
Farady rotator 7. 

[035] 10 

While ordinary rays and extraordinary rays are not 
exchanged, each polarized component enters the sec- 
ond wedge type polarized beam splitter 6B in which the 
polarized component is converted to parallel beams, is 

jsnjj +Hq porajjgj Kggprtg ara amjttgH from the Sp!rtt9f. TTl9 

parallel beams enters the end face 8B of the light-emit- 
ting side optical fiber IB as they are. As mentioned 
above, what contributes to the polarized component- 
dividing function of the wedge type polarization beam 20 
splitter 6A is a wedge angle 0, which does not depend 
upon the thickness of the splitter. Therefore, the length 
of the isolator element can be shortened. 

[036] - 25 

At the light-emitting side, the orientation of each 
polarized component coincides with that of the optical 
axis of the light-emitting side optical fiber IB. The core- 
T expanded optical fiber 1B has large tolerance with 30 
respect to the positional deviation. In addition, as men- 
tioned above, the width of the wedge type polarization 
beam splitter 6 A can be reduced. Therefore, since the 
distance between the polarized components 1 2A and 
12B is small, the input loss due to the positional devia- 35 
tion between the polarized components can be made 
extremely small by using the core-expanded optical 
fiber 1B. 

[037] 40 

Next, the light propagating in the backward direc- 
tion will be explained. The light 13 emitted from the light- 
emitting side optical fiber 1 B and having a small numer- 
ical aperture is refracted, by the second wedge type 45 
polarization beam splitter 6B, depending upon its refrac- 
tive index. The polarization planes of two polarized com- 
ponents are turned in the same direction as in the case 
of the incident polarized components by. the Farady 
rotator 7. therefore, while the. ordinary rays and the so 
extraordinary rays are exchanged, each polarized com- 
ponent enters the first wedge type polarization beam 
splitter 6A. In the splitter 6A, each of polarized compo- 
nents 14A, 14B undergoes the refraction depending 
upon its refractive index, so that the polarized compo- ss 
nents are not coupled into a single beam, therefore, the 
backward-direction light does not enter the light-incident 
side optical fiber 1 A. 

* /■ _ . . . ■ 



[038] 

The polarization-independent optical isolator in Fig. 
3 employed an element 4C with only one wedge type 
polarization beam splitter. The light emitted from a light- 
incident side optical fiber 1 A and having a small numer- 
ical aperture enters a first wedge type polarization 
beam splitter 15 in which the light is divided into two 
polarized components 18A and 18B. When an inclined 
plane of the first wedge type polarization beam splitter is 
located at a side of the light-incident side optical fiber 1 A 
as in this embodiment, an incident angle a is preferably 
not more than (6 + 5)°. The polarization plane of each of 
the polarized components 18A and 18B is turned by a 
Farady rotator 16. While ordinary rays and extraordinary 
rays are not exchanged, each polarized component 
enters a second parallel-faced fiat plate polarization 
beam splitter 17 where the polarized component 
becomes parallel beams. The parallel beams are emit- 
ted, and enters a light-emitting side optical ftoer 1B as 
they are. As mentioned above, what contributes to a 
polarized component-dividing function of the wedge 
type polarization beam splitter 15 is a wedge angle 9, 
which does not depend upon the thickness of the splitter 
15. Therefore, the length of the isolator element can be 
reduced. 

[039] 

At the light-emitting side, the orientation of each of 
the polarized components 18 A, 18B almost coincides 
with that of the optica) axis of the light-emitting side opti- 
cal fiber 1B. The core-expanded optical fiber IB has 
large tolerance with respect to the positional deviation. 
In addition, since the distance between the polarized 
components 18A and 18B is small, the input loss due to 
the positional deviation between the polarized compo- 
nents can be made extremely small. 

[040] 

The light 19 emitted from the light-emitting side 
optical fiber 1B and having a small numerical aperture 
passes the second parallel-faced flat plate type polari- 
zation beam splitter 17. The polarization planes of two 
polarized components are turned in the same direction 
as in the case of the incident polarized components by 
the Farady rotator 7. Therefore, while the ordinary rays 
and the extraordinary rays are exchanged, each polar- 
ized component enters the first wedge type polarization 
beam splitter 15. In the splitter 15, each of polarized 
components 20A, 20B further undergoes the refraction 
depending upon its refractive index, so that the polar- 
ized components are not coupled into a single beam. 
Therefore, the backward-direction light does not enter 
the light-incident side optical fiber 1 A. 
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[041] 

The polarization-independent optical isolator in Fig. 
4 employed an element 4D in which a pair of wedge 
type polarization beam splitters are used and arranged s 
at respective positions axially symmetrical with respect 
to a Farady rotator. More specifically, the light emitted 
from a light-incident side optical fiber 1 A and having a 
small numerical aperture enters a first wedge type 
polarization beam splitter 15 in which the light is divided 10 
into two polarized components 21 A and 21 B. When an 
inclined plane of the first wedge type polarization beam 
splitter is located at a side of the light-incident side opti- 
cal fiber 1 A as in this embodiment, an incident angle a 
is preferably not more than (e + 5)°. The polarization 15 
plane of each of the polarized components is turned by 
a Farady rotator 16. While ordinary rays and extraordi- 
nary rays are not exchanged, each polarized compo- 
nent enters a second parallel-faced flat plate 
polarization beam splitter 24 where the polarized com- 20 
ponent becomes parallel beams. The parallel beams 
are emitted, and enters a light-emitting side optical fiber 
18 as they are. 

[042] 25 

At the light-emitting side, the orientation of each of 
the polarized components 21 A 21 B coincides with that 
of the optical axis of the light-emitting side optical fiber 
1 B. The core-expanded optical fiber 1 B has large toler- 30 
ance with respect to the positional deviation. In addition, 
since the distance between the polarized components 
21 A and 21 B is small, the input loss due to the posi- 
tional deviation between the polarized components can 
be made extremely small. 35 

[043] 

The light emitted from the light-emitting side optical 
fiber 1 B and having a small numerical aperture passes 40 
the second wedge type polarization beam splitter 24 
where the light is divided into two polarized components 
22A and 22B. The polarization plane of each of the two 
polarized components is turned in the same direction as 
in the case of the incident polarized components by the 45 
Farady rotator 16. Therefore, while the ordinary rays 
and the extraordinary rays are exchanged, each polar- 
ized component enters the first wedge type polarization 
beam splitter 15. In this embodiment, each of the polar- 
ized components 22A and 22B is emitted as 23A or 23B so 
without entering the light-incident side optical fiber 1 A. 

[044] 

In the present invention, if a dielectric multi-layer 55 
film is used as the wedge type polarization beam split- 
ter, the optical isolator can be advantageously made 
more compact. Further, optical parts including the light- 
incident side optical fiber; the light-emitting side optical 



fiber, the polarization beam splitter, the Farady rotator, 
etc. can be bonded together with an optical adhesive or 
the like. In addition, a so-called integrated type isolator 
can be produced. In this case, core-expanded optical 
ffoers having undergone a beam-expanding treatment 
are fixed to a substrate, notches are formed on the sub- 
strate, and assembled isolator elements are inserted 
into the notches. When such an integrated type isolator, 
the number of the assembling steps can be further 
reduced. 

[045] 

(Examples) 
[Example 1] 

An optical isolator as shown in Figs. 1(a) and 1(b) 
was produced. Rutile was used as a material for each of 
the wedge type and parallel-faced flat plane type polar- 
ization beam splitters, and the wedge angle 9 was set at 
19°. The thickness of the parallel-faced flat plane type 
polarization beam splitter was 170 jim. A magnetic gar- 
net crystal was used as a material for a 45° Farady rota- 
tor 4, and its thickness was 375 urn. The total length of 
the optical isolator element 4A was 1 100 urn. The MFD 
of each of the light-incident and light-emitting optical fib- 
ers was 40 jim, and the incident angle a and the wave- 
length of the incident light were 2.5° and 1.55 jim, 
respectively, so as to enhance reflection attenuation, 
The entire element was coated with a non-reflective 
agent for an adhesive, and fixed with a ultraviolet light- 
curable type adhesive. At that time, the optical axis of 
the light-incident side optical fiber was aligned with that 
of the light-emitting side optical fiber. 

[046] 

By using the polarization-independent optical isola- 
tor this constructed, a low input loss of 0.35 dB, a high 
backward-direction loss of 52 dB and a sufficient reflec- 
tion attenuation level of 60 dB could be obtained without 
using a lens. 

[047] 

[Example 2] 

An optical isolator as shown in Fig. 2 was produced. 
Rutile was used as a material for the wedge type plane 
type polarization beam splitters, and the wedge angle e 
was set at 20°. A magnetic garnet crystal was used as a 
material for a 45° Farady rotator, and its thickness was 
375 jim. The total length of the isolator element was 600 
jim. The MFD of the core-expanded optical fibers was 
40 jim, and the incident angle a and the wavelength of 
the incident light were 0° and 1 .55 pm, respectively, so 
as to enhance reflection attenuation. The entire element 
was coated with a non-reflective agent for an adhesive, 
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and fixed with a ultraviolet light-curable type adhesive. 
At that time, the distance between the two polarized 
components of the forward-direction light was about 16 
jim. 

5 

[048] 

In order to minimize the polarization-dependent 
loss, the light-emitting side optical fiber was arranged 
almost in a middle position between the two polarization 10 
optical axes. At that time, the axis of the light-incident 
optical fiber was positionaliy deviated from that of the 
light-emitting optical fiber by about 1 1 jim. This isolator 
had the smaller number of the parts as compared with 
that in Example 1. By using the polarization-independ- is 
ent optical isolator thus constructed; a low input loss of 

0. 5 dB and a high backward-direction loss of 57 dB 
were obtained without using a lens. 

[049] 20 

[Example 3] 

In the thus constructed polarization-independent 
optical isolator of Example 2, a dielectric multi-layer type 25 
birefringent material was used for the polarization beam 
splitters. This multi-layer material was obtained by alter- 
natively laminating amorphous silicon and silicon oxide 
each having a thickness of 70 nm in a total laminating 
number of 2000, thereby exhibiting birefringent prop- 30 
erty. The length of the isolator element In the (instruc- 
tion of Fig. 2 was 500 nm. In this construction, a low 
input loss of 0.3dB and a high backward-direction loss 
of 40 dB were obtained. 

/""■/* : / 35 

(Effects of the Invention) 

As is clear from the above explanation, according to 
the present invention, the compact polarization-inde- 
pendent optical isolator having a high backward-direc- ao 
tion loss and a low input loss can be obtained. Further, 
as compared with the conventional polarization-inde- 
pendent optical isolators, since no lens is used, the 
number of the parts can be reduced, and the cost can 
be lessened by eliminating the complicated aligning 45 
step. 

Claims 

1. A pdlari^ so 
prises a light-incident side optical fiber having a 
diameter of a core expanded to give a mode field 
diameter at an end face being 20 to 50 nm, a light- 
emitting side optical fiber having a diameter of a 
core expanded to give a mode field diameter at an ss 
end face being 20 to 50 nm, and an optical isolator 
element provided between the light-incident side 
optical fiber and the light-emitting side optical fiber, 
said optical isolator element comprising a first 



polarization beam splitter located at a side of the 
light-incident side optical fiber, a second polariza- 
tion beam splitter located at a side of the light-emit- 
ting side optical fiber, and a Farady rotator provided 
between the first polarization beam splitter and the 
second polarization beam splitter, and at least said 
first polarization beam splitter being a wedge type 
polarization beam splitter. 

2. The polarization-independent optical isolator set 
froth in Claim 1 , wherein in order to correct a devia- 
tion in an optical axis between ordinary rays and 
extraordinary rays caused by the f irst polarization 
beam splitter, the second polarization beam splitter 
and the Farady rotator during a forward propaga- 
tion, an optical axis deviation-correcting element 
made of a parallel-faced flat plate type polarization 
beam splitter is provided. 

& The polarization-independent optical isolator set 
froth in Claim 1 or 2, wherein the second polariza- 
tion beam splitter is a wedge type polarization 
beam splitter, and the first polarization beam splitter 
and the second polarization beam splitter are 
opposed to each other and turned by a half turn 
around axes of the optical fibers as a center. 

4. The polarization-independent optical isolator set 
froth in Claim 1 or 2, wherein the second polariza- 
tion beam splitter is a wedge type polarization 
beam splitter, and thefirst polarization beam splitter 
and the second polarization beam splitter are 
arranged at locations axially symmetrically with 
respect to the Farady rotator. 

5. The polarization-independent optical isolator set 
froth in any one of Claims 1 to 4, wherein an inci- 
dent angle at an end face of each of the light-inci- 
dent side optical fiber and the light-emitting side 
optical fiber is not more than 5°. 

6. The polarization-independent optical isolator set 
froth in any one of Claims 1 to 5, wherein the first 
polarization beam splitter and the second polariza- 
tion beam splitter are each made of a dielectric 
multi-layer film. 

7. The polarization-independent optical isolator set 
froth in any one of Claims 1 to 5, wherein the first 
polarization beam splitter arid the second polariza- 
tion beam splitter are each made of a birefringent 
crystal. 

8. The polarization-independent optical isolator set 
froth in any one of Claims 1 to 5. wherein the first 
polarization beam splitter and the second polariza- 
tion beam splitter are each made of a combination 
of. a dielectric multi-layer film and a birefringent 
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